Growth
Inhibition Dependent on Reactive Oxygen Species Generated by C9-UK-2A, Graduate School of Science, Osaka City University, 3-3-138 Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan (Received for publication April 6, 2004) UK-2A is a potent antifungal antibiotic and its structure is highly similar to that of antimycin A3 (AA). UK-2A and AA inhibit mitochondrial electron transport at complex III. C9-UK-2A, which has been prepared to improve the duration of the antifungal activity of UK-2A, shows durable fungicidal activities against various species of fungi and induces both membrane injury and the generation of cellular reactive oxygen species (ROS) against Rhodotorula mucilaginosa IFO 0001 cells. We found that C9-UK-2A inhibited the vegetative growth of Saccharomyces cerevisiae IFO 0203 cells accompanying cellular ROS generation in Sabouraud dextrose (SD) medium, which contained a fermentable carbon source. The ROS An antifungal antibiotic, UK-2A, is similar to antimycin A3 (AA) in both chemical structure and inhibitory activity against the electron transport at complex III in mitochondria1-4). The direct binding sites of UK-2A and AA to complex III have been reported to be associated with a 3-hydroxy-4-methoxy-pyridine-2-carboxylyl and a 3-formylamino-salicylyl group, respectively5,6). The ninemembered dilactone rings of UK-2A and AA are thought to be needed for their hydrophobicity in order to pass through biomembrane barriers and for the tight binding of the molecules to complex III5-7). However, the antifungal effects of UK-2A and AA are temporary because of enzymatic fragility of the dilactone portions8).
We have replaced the dilactone portion with stable nalkyl and isoprenyl residues in UK-2A derivatives to improve the poor durability of the antifungal activity8,9).
C9-UK-2A shows the most durable and relatively potent antifungal activity among the derivatives8). In this study, we found that C9-UK-2A expressed a growth inhibitory effect on Saccaromyces cerevisiae IFO 0203 cells in Sabouraud dextrose (SD) medium, which contains glucose as a respiratory substrate. UK-2A and AA do not express growth inhibitory effects on the yeast cells in such a medium3). As S. cerevisiae is a facultative anaerobe, the vegetative growth of the yeast is possible through acquisition of energy by alcoholic fermentation even when respiration is blocked. Therefore, as the action of C9-UK-2A on the yeast cannot be explained only by the inhibition of respiration, we investigated in detail the mode of action of C9-UK-2A against S. cerevisiae IFO 0203 cells.
Materials and Methods
Strain A culture S. cerevisiae IFO 0203 was purchased from the Institute for Fermentation, Osaka (Osaka, Japan). The cells of this yeast strain were grown in a SD medium (4% as the cytosolic fraction. Total glutathione content, the sum of reduced (GSH) and oxidized (GSSG) glutathione was estimated as follows. GSSG in the cytosolic fraction was converted to GSH by glutathione reductase and GSH was then quantified the spectrophotometric monitoring of 2-nitro-5-thiobenzoate formation from 5,5-dithiobis(nitrobenzoic acid)13). In the cytosolic fraction prepared for the measurement of GSSG, GSH was consumed beforehand by and GSSG was then quantified as described above.
Results

Effect of C9-UK-2A on Growth
The growth inhibitory effect of C9-UK-2A on S.
cerevisiae IFO 0203 cells is shown in Fig. 1 Fig. 2(a) , C9-UK-2A induced ROS generation in an almost dose-dependent manner. Moreover, C9-UK-2A induced ROS generation time-dependently ( Fig.   2(b) ).
C9-UK-2A
suppress the lipid peroxidation of membranes16). We tested the effect of antioxidants on ROS generation induced by C9-UK-2A in S. cerevisiae IFO 0203 cells (Fig. 3) . One induced ROS generation to control level. On the other hand, a hydrophilic antioxidant, ascorbic acid, which hardly penetrates the plasma membrane of S. cerevisiae but acts on the outer surface of the plasma membrane10,17), did not suppress ROS generation (data not shown). These results suggest that the ROS generation induced by C9-UK-2A does not injure the outer leaflet of the plasma membrane but rather the internal leaflet and/or inside membranes. muciraginosa8). In S. cerevisiae, C9-UK-2A exhibited a growth inhibitory effect ( Fig. 1) and strictly restricted respiration. In this study, SD medium was used for the cultivation of the yeast strain. As this medium contains glucose as a carbon source, the inhibition of respiration was not expected to affect the growth of such a facultative arrest induced by C9-UK-2A in S. cerevisiae (Fig. 4 ).
However this antioxidant could not protect against the inhibition of respiration (Table 2) . Interestingly, C9-UK-2A eliminated ROS generation (Fig. 3) 
